method by which the examples below were performed to generate the synthesis- 
deficient DNAPTaq mutants, but it is understood by those skilled in the art that a 
wild-type DNA polymerase sequence may be used as the starting material for the 
introduction of deletions, insertion and substitutions to produce a 5' nuclease. For 
example, to generate the synthesis-deficient DNAPTfl mutant, the primers listed in 
SEQ ID NOS: 13-14 were used to amplify the wild type DNA polymerase gene from 
Thermus flavus strain AT-62. The amplified polymerase gene was then subjected to 
restriction enzyme digestion to delete a large portion of the domain encoding the 
synthetic activity. 

The present invention contemplates that the nucleic acid construct of the 
present invention be capable of expression in a suitable host. Those in the art know 
methods for attaching various promoters and 3' sequences to a gene structure to 
achieve efficient expression. The examples below disclose two suitable vectors and six 
suitable vector constructs. Of course, there are other promoter/vector combinations 
that would be suitable. It is not necessary that a host organism be used for the 
expression of the nucleic acid constructs of the invention. For example, expression of 
the protein encoded by a nucleic acid construct may be achieved through the use of a 
cell-free in vitro transcription/translation system. An example of such a cell-free 
system is the commercially available TnT™ Coupled Reticulocyte Lysate System 
(Promega Corporation, Madison, WI). 

Once a suitable nucleic acid construct has been made, the 5 s nuclease may be 
produced from the construct. The examples below and standard molecular biological 
teachings enable one to manipulate the construct by different suitable methods. 

Once the 5' nuclease has been expressed, the polymerase is tested for both 
synthetic and nuclease activity as described below. 
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3. Physical And/Or Chemical Modification And/Or 
Inhibition 

The synthetic activity of a thermostable DNA polymerase may be reduced by 
chemical and/or physical means. In one embodiment, the cleavage reaction catalyzed 
by the 5' nuclease activity of the polymerase is run under conditions which 
preferentially inhibit the synthetic activity of the polymerase. The level of synthetic 
activity need only be reduced to that level of activity which does not interfere with 
cleavage reactions requiring no significant synthetic activity. 

As shown in the examples below, concentrations of Mg^ greater than 5 mM 
inhibit the polymerization activity of the native DNAP7a#. The ability of the 5' 
nuclease to function under conditions where synthetic activity is inhibited is tested by 
running the assays for synthetic and 5' nuclease activity, described below, in the 
presence of a range of Mg** concentrations (5 to 10 mM). The effect of a given 
concentration of Mg^ is determined by quantitation of the amount of synthesis and 
cleavage in the test reaction as compared to the standard reaction for each assay. 

The inhibitory effect of other ions, polyamines, denaturants, such as urea, 
formamide, dimethylsulfoxide, glycerol and non-ionic detergents (Triton X-100 and 
Tween-20), nucleic acid binding chemicals such as, actinomycin D, ethidium bromide 
and psoralens, are tested by their addition to the standard reaction buffers for the 
synthesis and 5' nuclease assays. Those compounds having a preferential inhibitory 
effect on the synthetic activity of a thermostable polymerase are then used to create 
reaction conditions under which 5' nuclease activity (cleavage) is retained while 
synthetic activity is reduced or eliminated. 

Physical means may be used to preferentially inhibit the synthetic activity of a 
polymerase. For example, the synthetic activity of thermostable polymerases is 
destroyed by exposure of the polymerase to extreme heat (typically 96 to 100°C) for 
extended periods of time (greater than or equal to 20 minutes). While these are minor 
differences with respect to the specific heat tolerance for each of the enzymes, these 
are readily determined. Polymerases are treated with heat for various periods of time 
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and the effect of the heat treatment upon the synthetic and 5' nuclease activities is 
determined. 

in. Detection Of Specific Nucleic Acid Sequences Using 5' Nucleases In 
An Invader-Directed Cleavage Assay 

The present invention provides means for forming a nucleic acid cleavage 
structure which is dependent upon the presence of a target nucleic acid and cleaving 
the nucleic acid cleavage structure so as to release distinctive cleavage products. 5' 
nuclease activity is used to cleave the target-dependent cleavage structure and the 
resulting cleavage products are indicative of the presence of specific target nucleic acid 
sequences in the sample. 

The present invention further provides assays in which the target nucleic acid is 
reused or recycled during multiple rounds of hybridization with oligonucleotide probes 
and cleavage without the need to use temperature cycling (i.e., for periodic 
denaturation of target nucleic acid strands) or nucleic acid synthesis (i.e., for the 
displacement of target nucleic acid strands). Through the interaction of the cleavage 
means (e.g., a 5' nuclease) an upstream oligonucleotide, the cleavage means can be 
made to cleave a downstream oligonucleotide at an internal site in such a way that the 
resulting fragments of the downstream oligonucleotide dissociate from the target 
nucleic acid, thereby making that region of the target nucleic acid available for 
hybridization to another, uncleaved copy of the downstream oligonucleotide. 

As illustrated in Figure 29, the methods of the present invention employ at least 
a pair of oligonucleotides that interact with a target nucleic acid to form a cleavage 
structure for a structure-specific nuclease. More specifically, the cleavage structure 
comprises i) a target nucleic acid that may be either single-stranded or double- 
stranded (when a double-stranded target nucleic acid is employed, it may be rendered 
single stranded, e.g., by heating); ii) a first oligonucleotide, termed the "probe," which 
defines a first region of the target nucleic acid sequence by being the complement of 
that region (regions X and Z of the target as shown in Fig. 29); iii) a second 
oligonucleotide, termed the "invader," the 5' part of which defines a second region of 
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